Objective: To evaluate the influence of a standardised sampling protocol and process quality across the different IDEFICS (Identification and prevention of dietary-and lifestyle-induced health effects in children and infants) centres on the results of the biochemical measurements. Design: Baseline survey within the community-based intervention study. Subjects: A total of 16 224 children, aged 2-8 years, enrolled in the IDEFICS baseline survey in 8 European countries. Venous or capillary blood samples were collected from 12 430 children, urine samples from 13 890 children and saliva samples from 14 019 children. Methods: A set of quality indicators was recorded for the biological blood, urine and saliva samples collected during the IDEFICS study. Results of blood and urine measurements were analysed and stratified by selected quality indicators. Results: Concentrations of biological markers in blood and urine measured during the IDEFICS baseline survey are associated with several quality indicators assessed in this study. Between-country variations of these biomarkers are described. It was confirmed that fasting has a big influence on the concentration of certain biomarkers. Biomarkers in morning urine samples may be erroneous if the study subjects void during the night or if samples are not taken from the very first morning urine. Conclusions: The analysed data underline that a standardised sampling protocol is of major importance, especially in multicentre studies, but non-compliance is ever present in spite of well-defined standard operation procedures. Deviations from the protocol should therefore always be documented to avoid error pertaining to the concentration of biological markers.
Introduction
Biological samples have become an essential source of information for studying childhood obesity and the risk of metabolic disorders. 1 Different types of samples are used to measure a broad range of biomarkers, such as glucose, lipids, hormones or genetic factors, to identify children at risk. A definition of the metabolic syndrome for children (410 years of age) and adolescents was recently suggested using the well-established biochemical risk markers. 2 The standardised collection of biological samples in epidemiological studies is a challenging task, especially in international multicentre studies. Environmental conditions, such as ambient temperature or distances between field study centres and laboratories, may vary and consequently affect the quality of the biological samples. National characteristics such as typical mealtimes or sleeping times or duration may also have an effect on the respective biological markers analysed in the different national study populations.
In general, the observed concentration of a biomarker in the human body is influenced by several factors; some are inherent, such as age or sex, whereas others are controllable. These sources of error may affect the level of a biomarker before, during or after sample collection. Before sample collection, preanalytical conditions, such as fasting status, medication, drug use, physical activity and diurnal and seasonal variation, may have an important role. Major influences during sample collection include body posture of the studied participant or the collection materials used. After sample collection, the stability of a biomarker ex vivo is potentially influenced by environmental factors such as temperature or ultraviolet light, treatment conditions (such as time until processing/freezing or use of additives) and storage/shipping conditions. Holland et al. 3 gave a summary of the factors influencing the quality of biological samples in molecular epidemiological studies. To ensure standardisation across the different environmental conditions and settings within the IDEFICS (Identification and prevention of dietary-and lifestyle-induced health effects in children and infants) study, a set of standard operating procedures (SOPs) was developed. This included SOPs on the collection of biological samples, as well as on procedures for initial processing, shipment, storage and documentation. The aim of the present study was to assess the quality of biological samples across the IDEFICS survey centres, considering quality indicators (for example, fasting status or occurrences before urine collection) recorded during the baseline survey of this European multicentre study. 4 
Materials and methods

Study design
IDEFICS is an integrated project within the Sixth Framework Programme of the European Commission. During the baseline survey in 2007/2008, 16 224 preschool and primary school children from eight European countries were examined, including the collection of biological samples. The subsequent community-based intervention was followed by a second survey, which continued until May 2010. The background of the study, its research goals and instruments have been described elsewhere in detail. 5, 6 Biological samples in IDEFICS Children participating in the IDEFICS baseline survey were asked to donate fasting venous blood, morning urine and saliva samples. EMLA patches (AstraZeneca, London, UK), which contain local anaesthetics, were offered to the children who agreed to donate venous blood to allow for painless blood withdrawal. 7 If venous blood could not be obtained, capillary blood was taken where possible. The set of blood samples generally included two tubes of venous blood: one plain tube for serum collection and one EDTA-coated tube for glycated haemoglobin analysis and separation into plasma and red and white blood cells. Additionally, a PAXgene tube (Becton Dickinson Franklin Lakes, NJ, USA) containing an RNA-stabilising agent was drawn from a subsample of children for gene expression analysis. 8 Morning urine was collected by the parents, who received a collection kit along with a detailed instruction sheet. Saliva was collected for DNA extraction. The collection procedure for saliva differed by the children's ability to spit the required amount of saliva: Oragene DNA collection kit OG 250 with saliva sponges was used for younger children who were usually not yet able to spit, while Oragene DNA self-collection kit OG 300 was used for older children (DNA Genotek Inc., Kanata, Ontario, Canada). The kits were user friendly and provided a high amount of goodquality DNA. 9 Preanalytical sample processing of blood and urine samples was done at the local survey centres or at local laboratories; sample analysis was done at a central laboratory. All blood samples were stored at À80 1C and all urine samples at À20 1C. If a centre could not guarantee for storage at À80 1C, they were instructed to ship the blood samples to the biobank/central laboratory at monthly intervals. Saliva was stored at room temperature before DNA extraction. Extracted DNA and the remaining saliva were stored at À20 1C. A central biobank of remaining samples was built up for long-term storage. Blood glucose, cholesterol, high-density lipoprotein cholesterol and triglycerides were assessed on site at each study centre by point-of-care analysis using the Cholestech LDX analyser (Cholestech, Hayward, CA, USA) 10 either in venous or in capillary blood. This procedure was chosen because only one drop of blood was needed for the analyses.
Other biomarkers analysed in blood samples comprised insulin, C-reactive protein and glycated haemoglobin, as well as the adipokines leptin and adiponectin. Calcium, cross-linked collagen N-telopeptides and vitamin D were included as biomarkers of bone metabolism. The fatty acid composition of circulating lipids was analysed from one drop of venous or capillary blood by a new method developed by Marangoni et al. 11 A large set of biomarkers were also analysed in urine samples, as a higher response was expected from the study participants for this non-invasive sample type compared with venous blood. These comprised glucose, albumin and creatinine, as well as biomarkers of dietary habits (sodium, calcium, phosphate, magnesium and potassium) and cortisol as a biomarker of chronic stress, which has been proposed to be relevant for the development of overweight/obesity. 12 
Quality indicators
To evaluate the standardised quality of collected biological samples, a number of quality indicators were recorded during the different steps of sample collection. Table 1 shows possible consequences of deviations from the protocol. Collection of urine samples and documentation on a urine collection sheet were done by the parents, who recorded the following occurrences: 'sample not first morning urine', 'sample uncooled for more than 2 h' and 'child went to toilet at night'. For the collection of blood, fasting was requested in the respective SOP and information on fasting status was reported by parents or children to the field staff during examination. Other quality indicators were documented during the quality check performed in the central laboratory (condition of blood samples upon arrival at laboratory) or based on variables recorded by the survey staff (for example, time interval between collection of blood samples and their centrifugation). Saliva samples were checked on their hydration status before DNA extraction. A small fraction of samples (0.7%) was found to be dried up, but could all be rehydrated and still extracted with a sufficient yield of DNA. Details on the quality of collected saliva samples and extracted DNA have been described by Koni et al. 13 A comprehensive overview of the quality management applied in the IDEFICS study has been provided elsewhere in detail. 14 Feedback on sample quality was given to the centres throughout the survey to continuously improve sample collection. Analyses by quality indicators were restricted to urine parameters and to fasting status for blood samples. Analyses of venous and capillary blood samples were combined, as biomarker concentrations have been shown to be consistent for both types of blood, as reported, for instance, by Park et al. for glucose. 15 Coagulated or small volume blood samples could not be analysed. Haemolytic samples were excluded from analyses of insulin because an insulindegrading enzyme is released from lysed red blood cells. 16 Exceeding the length of time permitted for certain steps of the SOP (for example, time between collection and centrifugation of blood samples) only occurred in one country in more than 0.5% of samples, and these data were not included in the stratified analysis.
Statistical procedures
Concentrations of biomarker analyses in blood and urine are presented as mean, standard deviation and coefficient of variation, stratified by a quality indicator.
To investigate whether a particular quality indicator had a significant effect on the concentration of a biomarker, linear regression analyses, adjusted for age and sex, were conducted. All analyses were carried out in the total sample and were stratified by country. Two-tailed P-values of regression parameter estimates and R 2 of the regression model were calculated. All analyses were performed using SAS statistical software version 8.2 (SAS Institute Inc., Cary, NC, USA). For each sample type, samples of some study centres were excluded from statistical analysis if the number of samples affected by certain quality problems was too small (o10 subjects). This was the case for Cyprus, Hungary and Italy regarding fasting status for blood collection, and Cyprus, Hungary and Estonia regarding parental documentation of urine collection.
Results
Response of participants
The proportion of children who provided the required information and samples (response proportion) varied for different types of biological samples. 4, 14 Urine samples were Exceeding of permitted times occurred only in one country in more than 0.5% and was thus not included in the stratified analysis.
b Details on the quality of collected saliva samples and extracted DNA are described by Koni et al.
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Influence of sample quality on the analyses of biological markers J Peplies et al obtained from 85.6% of the children. Blood samples were collected from 79.7% of the children in total (capillary or venous blood) and were thus eligible for point-of-care analysis. Venous blood could be collected from 56.6% of the children across all countries.
Quality indicators
Assessment of quality indicators showed that any problems with the collection of urine were documented by the parents for 12% of the samples. For 2.9% of the samples, parents reported that the collected urine was not the first morning urine; for 3.9% they reported that the children went to the toilet at night; and for 6.9% they stated that the urine was left uncooled for more than 2 h. These proportions varied substantially between centres: for 45% of the urine samples in Belgium at least one of these problems was reported compared with only 0.3% in Cyprus.
Venous blood samples were reported to be non-fasting in 1% of the children. According to the central laboratory, 9.3% of the blood samples were haemolysed, with a maximum of 30.8% of the samples classified as haemolysed in Italy. High proportions of haemolysed samples were also reported for Estonia, Spain and Belgium (13.8, 12.1 and 8.2%, respectively). Coagulation of EDTA samples occurred in 0.7% of samples, most of which came from Belgium. All centres had occasional problems in reaching the required filling quantity for the aliquots. In total, 4% of the samples were considered to be 'too small a volume' by the central laboratory. One centre in particular exceeded the requested time span for sample processing: 11.4% of the samples in Sweden were centrifuged later than foreseen in the SOP; for all other centres, this proportion was below 1%.
The age and sex distribution of the four quality indicators included in the stratified analyses is depicted in Table 2 . Non-fasting samples were taken from younger girls and boys more often. This age group also voided during the night more often, whereas a higher proportion of older girls and boys delivered a sample that was not taken from the first morning urine. Overall, the quality features were quite evenly distributed between both sexes.
Biomarkers in serum after stratification Serum concentrations of glucose, triglycerides and insulin are depicted in Table 3 . Among the biomarkers analysed Cyprus, Hungary and Italy were excluded from statistical analysis because the number of non-fasting children was below 10 in these countries. b Estimates from linear regression analysis, adjusted for age and sex. Influence of sample quality on the analyses of biological markers J Peplies et al within the IDEFICS baseline survey, these were expected to be influenced most by food intake. Stratification by fasting status showed that for the large majority of children the SOP was followed and fasting samples were collected. Figure 1 for all children depending on their fasting status. There was no effect for glucose, whereas significant differences were identified for triglycerides and insulin across all countries. Table 4 shows the results of the laboratory analysis for selected biomarkers analysed in urine (cortisol, albumin and potassium), stratified by the quality indicators recorded by the parents. For 6555 of the analysed samples no problems with urine quality were reported, 921 samples were left uncooled for more than 2 h, 353 samples were not taken from the first morning urine and 505 urine samples were collected from children who had voided during the night before urine collection.
Biomarkers in urine after stratification
Mean urinary cortisol concentrations varied from 119.4 ± 49.4 nmol l À1 in Italy to 183.8 ± 196.2 nmol l À1 in
Estonia when no problems were reported. Urine samples from children who had voided during the night had significantly higher cortisol concentrations than those from children with no reported problems for urine collection.
Higher cortisol concentrations were also found when urine samples were not taken from the first morning urine. The differences were statistically significant for all countries except for Spain. Lack of cooling for more than 2 h did not have a clear influence on urinary cortisol concentration. A statistically significant difference was only seen in Italy, where urinary cortisol concentrations in uncooled samples were slightly higher than in samples with no reported problems. Urinary concentrations of albumin ranged from 15.6 ± 8.0 to 19.3±47.93 mmol l À1 in samples without problems.
Mean urinary concentrations of potassium were lowest in Hungary (36.2 ± 21.2 mmol l
À1
) and highest in Belgium (50.0±22.6 mmol l
) when no problems with urine quality were indicated. Lack of cooling for more than 2 h did not lead to a statistically significant difference for this biomarker in most countries except for Italy. Mean urinary potassium concentrations were significantly higher in all countries except for Spain, when the urine sample was not derived from first morning urine or when the child had voided during the night.
Mean concentrations of urinary biomarkers are depicted in Figure 2 for all children along with the quality indicated for their urine sample. The figure shows that voiding at night and collection of a sample excreted later than the first void urine strongly affected the concentrations of cortisol and potassium.
Discussion
High average response proportions were reached for all sample types (blood, urine and saliva) collected during the IDEFCIS study. Similar proportions were achieved during the German Health Interview and Examination Survey for Children and Adolescents, where a response rate of 85% was reached for urine samples 17 and 52.6% for venous blood samples. 18 Influence of sample quality on the analyses of biological markers J Peplies et al Table 4 Concentrations of cortisol, albumin and potassium, stratified by country and quality indicators
Italy No problem differences in survey logistics (for example, for 'urine uncooled for more than 2 h'), but also depended on the reporting behaviour of the parents. In some countries the parents were present during the examination, whereas in others the children were examined during school/preschool hours in the absence of the parents. In this case the assessment of fasting status had to rely on the children's reporting only. Collection of morning urine was conducted and documented by the parents only; thus, a good communication structure between the survey team and the parents might have enhanced the quality of this sample type as well as the reporting of deviations from the protocol. The number of haemolysed samples was striking, especially in some of the participating centres. This could be explained by the plain blood collection tubes without clotting activator, which were used during the baseline survey to allow for sufficient time to take out the aliquots for point-of-care analysis and the fatty acid collection kit. Some centres had problems to adhere to the prolonged resting times that were required for these tubes. Early centrifugation, that is, before clotting was completed, leads to a higher rate of haemolysis in the respective centres. Different blood collection tubes, that is, standard serum tubes with clotting activator, were used for the follow-up survey, and first exploratory analyses showed that haemolysis was no longer a problem. As a consequence, it had to be taken into account that additional personnel was needed for the immediate processing of samples after blood withdrawal.
As expected, concentrations of insulin and triglycerides were higher when children were not in the fasting state. A study on healthy women 19 also showed moderately elevated concentrations of blood triglycerides in non-fasting compared with fasting study subjects (mean values of 1.3 mmol l À1 for fasting versus 1.5 mmol l À1 for non-fasting samples). Nevertheless, when non-fasting, triglycerides were less useful as a risk marker for incident cardiovascular disease, as the association with cardiovascular disease was shown to be less pronounced on the basis of non-fasting blood samples in this prospective cohort study. 19 There were no relevant differences in blood glucose concentrations between fasting and non-fasting samples. This could be attributed to the very strict definition of fasting status applied during this study. A child was classified as non-fasting after the consumption of a minimal amount of drink or food, for example, a sip of juice/milk or a bite of an apple or a piece of bread. Very rarely, the intake of a complete meal was reported. The absence of a difference between fasting and non-fasting samples might also be explained by the fact that food intake of non-fasting children normally took place at home before they went to school. Therefore, time intervals of probably at least 1 h lay between glucose intake and sample withdrawal, and thus glucose kinetics was likely to have passed its maximum already. The elevated concentrations of insulin in nonfasting children suggest that the information given for the fasting status was valid and that downregulation of glucose was ongoing. Demographic analysis showed that non-fasting children were only slightly younger than fasting children (5.6 versus 5.9 years of age) and distributed in a similar way across body mass index categories. Variation between countries was negligible for concentrations of glucose, stronger for those of insulin and very pronounced for concentrations of triglycerides, even though mean values of all countries and for all three biomarkers were within the range reported in other studies on children. 20, 1 Urinary concentrations of cortisol and potassium were higher when the child had voided during the night or when the sample was not taken from first morning urine. This finding can be explained by the diurnal rhythms known for these two biomarkers. Urinary potassium excretion has the lowest excretory rate during the night and shows a peak in the early morning. 21, 22 A similar rhythm is known for cortisol, where the morning peak is especially high and the concentration of (salivary) cortisol was found to decline very fast, that is, by B10% within 30 min after its peak in adolescents. 23 Variation between countries on the other hand was relatively small for all urinary biomarkers. There was no indication of degradation by lack of cooling for more than 2 h for any of the biomarkers. Delivery of morning urine to the local survey centres was conducted by parents or children without cooling. Ambient temperature usually reaches its minimum around the early morning hours, when children are on their way to school. The IDEFICS baseline survey was conducted between September and May when even in southern European countries like Italy, Spain or Cyprus ambient temperature hardly exceeds room temperature during morning hours. Before freezing, sample transportation to the local laboratory was generally carried out with the help of cooling boxes. Thus, ambient temperature is an unlikely source of error even for blood samples. After freezing, all samples were shipped on dry ice to the central laboratory. Influence of sample quality on the analyses of biological markers J Peplies et al
The analysed data underline the well-known fact that fasting has a substantial influence on the concentrations of certain biomarkers. It shows that biomarkers in morning urine are error prone if study subjects void during the night or if samples are not taken from the very first morning urine. Up to now, no studies could be found in the literature that recorded voiding during the night before collection of a morning urine sample. Documentation of this confounding factor should become a standard, especially when smaller children are involved. Our results also suggest that reporting by the parents is a reliable tool for preanalytical sample control and should generally be included in epidemiological studies when samples are collected at home. In general, it can be concluded that, beyond the fact that a standardised sampling protocol is of major importance in epidemiological studies, standards for preanalytical sample management are needed. As non-compliance is ever present in spite of well-defined SOPs, deviations from the protocol should always be documented to avoid errors concerning the concentrations of biomarkers.
